Abstract. Melanin protects the skin against ultraviolet radiation by scattering incoming light and absorbing diverse free radicals. Agents that increase melanin synthesis in melanocytes may reduce the risk of photodamage and skin cancer. The present study investigated the effect of a methanol extract of Ardisia crenata (AC) on melanogenesis in B16F10 cells. Treatment of cultured B16F10 cells with AC extract (10, 20 and 40 µg/ml) stimulated an increase in melanin levels in a concentration-dependent manner, without cytotoxicity. Tyrosinase is key in the regulation of melanin production, thus the effect of AC extract on tyrosinase activity and protein expression was analyzed. AC extract was observed to significantly increase tyrosinase activity and protein expression in B16F10 cells. Furthermore, AC extract was found to markedly increase the protein expression of microphthalmia-associated transcription factor, which is an important transcription factor involved in tyrosinase gene expression. In addition, AC extract (40 µg/ml) was observed to suppress the activation of extracellular signal-regulated kinase (ERK) and Akt, which negatively regulate melanin synthesis in B16F10 cells. In conclusion, to the best of our knowledge, the present study is the first to show that a methanol extract of AC stimulates melanogenesis by increasing tyrosinase expression via the inhibition of ERK and Akt. Thus, methanol extract of AC may be a potential treatment for hypopigmentation diseases and may be a candidate for skin-tanning cosmetic products.
Introduction
Melanogenesis is a physiological process, which is involved in the production of melanin. Melanin is synthesized within membrane-bound organelles, termed melanosomes, in melanocytes and is transferred to keratinocytes where it forms melanin caps above keratinocyte nuclei (1) . Keratinocytes and melanosomes provide strong protection against ultraviolet radiation (UVR)-induced photodamage by scattering incoming light and absorbing diverse free radicals in cells (2) . Furthermore, reduced or defective melanin pigmentation is associated with an increased risk of skin cancer and various other pathological conditions (3) (4) .
In melanocytes and melanoma cells, melanin synthesis is primarily controlled through an enzymatic cascade that is regulated by tyrosinase, tyrosinase-related protein 1 and tyrosinase-related protein 2 (5) . Tyrosinase is the rate-limiting enzyme, which is critical in the regulation of melanin production. Tyrosinase catalyzes the hydroxylation of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and the oxidation of DOPA to dopaquinone (6) . In addition, one of the most important transcription factors involved in the regulation of tyrosinase is microphthalmia-associated transcription factor (MITF), which has been reported to bind to the M-box within the tyrosinase promoter, thus enhancing tyrosinase gene expression (7) .
Cyclic adenosine monophosphate (cAMP) is involved in various signal transduction pathways and has been reported to have a role in the regulation of melanogenesis (8) . The mechanism by which cAMP regulates melanogenesis involves the activation of protein kinase A (PKA Various factors lead to an increase in intracellular cAMP, including α-melanocyte stimulating hormone, forskolin and isobutyryl xanthine, and are capable of inducing melanogenesis in melanocytes and melanoma cells (11) . Thus, chemicals or plant extracts, which modulate intracellular cAMP levels, are considered to be capable of regulating melanogenesis in human and mouse melanocytes (12) (13) .
The extracellular signal-regulated kinase (ERK) and phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathways have been shown to negatively regulate melanogenesis in melanocytes and melanoma cells (14) (15) . Furthermore, numerous agents have been identified that upregulate melanogenesis in B16F10 cells via inhibition of the ERK and/or Akt signaling pathways. For example, lupenone and fluvastatin were reported to increase melanin synthesis by inhibiting the activation of ERK and Akt, respectively (16) (17) .
Stimulation of melanin synthesis has been proposed as a defense mechanism to prevent UVR-induced DNA damage in human skin and the stimulation of melanin synthesis is used to treat various diseases, which are characterized by a lack of skin pigmentation, including vitiligo (18) . Due to the increasing demand to overcome the UVR-associated increase in skin cancer risk, as well as hypopigmentation diseases, including vitiligo, the development of novel, natural plant extract-derived tanning cosmetics has attracted much research attention. Extracts from certain herbs, including mangosteen (13) , Erica multiflora (16) , Pyrostegia venusta (19) and Daphne gnidium (20) have been shown to increase melanogenesis in B16 melanoma cells, thus these extracts may have potential for use in tanning cosmetics.
Ardisia crenata (AC) is a species of flowering plant from the Ardisia genus and the Myrsinaceae family, which is native to East Asia and commonly used as an ornamental plant. The root extracts of AC have been used in traditional Chinese medicine for the treatment of certain diseases, including tonsillitis, respiratory tract infections and menstrual disorders (21) (22) . Furthermore, various constituents of AC were reported to have significant anti-metastatic effects in tumors (23) , as well as vasorelaxant effects on the aortic artery of rats (24) . However, despite numerous studies in various fields, the effect of AC on melanogenesis has yet to be elucidated. The present study aimed to investigate the effect of a methanol extract of AC on melanin synthesis in B16F10 cells as well as the underlying molecular mechanisms involved. Preparation of AC extract. Leaves and small branches from AC plants, which were more than three-years old and present in all areas of Jeju Island (Korea) were harvested, dried in the shade at room temperature, and stored in a dark and cold room until required. The dried plant material was extracted twice using methanol (20-times the mass of the dried material) for 72 h at 25˚C. The methanol AC extract was subsequently passed through 0.45-µm filter paper and evaporated at 60˚C. The viscous residue was lyophilized to yield the product. Dimethyl sulfoxide (DMSO) was used to dissolve the product in order to produce the stock solution.
Materials and methods

Materials
Cell culture. B16F10 mouse melanoma cells were cultured in phenol red-free Dulbecco's modified Eagle's medium (DMEM) supplemented with glutamine (2 mmol/l), penicillin (400 U/ml), streptomycin (50 g/l) and 10% fetal bovine serum (FBS) at 37˚C in a humidified atmosphere containing 5% CO 2 .
Cell viability assay. Cell viability was assessed using an MTT-based assay. B16F10 cells were incubated overnight with DMEM (phenol red-free) containing 10% FBS. Cells were subsequently treated with various concentrations of AC extract for 48 h. Following treatment, 0.5 g/l MTT dissolved in phosphate-buffered saline (PBS) was added and cells were incubated for an additional 3 h. The supernatant was removed and DMSO was added to dissolve the formazan crystals. Absorbance was measured at 570 nm using a microplate reader (VersaMax; Molecular Devices, LLC., Sunnyvale, CA, USA).
Analysis of melanin content. Melanin content was measured as described previously, with slight modifications (25) . B16F10 cells were incubated overnight with DMEM (phenol red-free) containing 10% FBS. Cells were treated with various concentrations of AC extract for 48 h. Following treatment, 100 µl aliquots of the media were placed in 96-well plates and the optical density (OD) was read at 405 nm using a microplate reader. Cells were scraped from the dishes, lysed in cell lysis buffer and protein concentration was determined using the Bradford assay (Bio-Rad, Hercules, CA, USA). Relative melanin production was calculated by normalizing the OD values with the protein concentrations (absorbance/µg protein).
Analysis of tyrosinase activity. B16F10 cells were incubated with various concentrations of AC extract for 48 h, washed with ice-cold PBS and lysed with PBS containing 1% Triton X-100. Following centrifugation (5424R; Eppendorf, Hamburg, Germany) at 15,000 x g for 10 min, the supernatants were collected. The quantity of each cell lysate was adjusted using lysis buffer to generate equal protein concentrations. A total of 90 µl each lysate and 10 µl L-DOPA (10 mmol/l) was combined in the well of a 96-well plate. Control wells contained 90 µl lysis buffer and 10 µl L-DOPA (10 mmol/l). Absorbance was measured at 475 nm using a microplate reader (VersaMax; Molecular Devices, LLC) subsequent to incubation at 37˚C for 30 min.
Western blot analysis. For the analysis of MITF and tyrosinase proteins, B16F10 cells were treated with AC extract for 24 and 48 h, respectively. For P-or T-ERK1/2 and P-or T-Akt protein expression analysis, cells were treated with AC extract, and harvested at 1/3, 2, 4 and 8 h. After the B16F10 cells were harvested, the cells were lysed in cell lysis buffer [20 mmol/l Tris-HCl (pH 7.5), 150 mmol/l NaCl, 1 mmol/l EDTA, 1 mmol/l ethylene glycol tetraacetic acid, 1% Triton X-100, 2.5 mmol/l sodium pyrophosphate, 1 mmol/l β-glycerophosphate, 1 mmol/l Na3VO4, 1 mmol/l dithiothreitol, 0.01 g/l leupeptin and 1 mmol/l phenylmethylsulfonyl fluoride]. Equal quantities of total protein were loaded onto 8% SDS-polyacrylamide gels. Separated proteins were transferred onto polyvinylidene difluoride membranes (Roche Diagnostics GmbH, Mannheim, Germany), which were washed with 5% dry milk in Tris-buffered saline containing 0.4% Tween 20. The membranes were incubated with primary antibodies, followed by further incubation with horseradish peroxidase-conjugated secondary antibodies. Antibody-bound proteins were visualized using enhanced chemiluminescence (Amersham Biosciences UK Ltd., Little Chalfont, UK).
Statistical analysis. Statistical significance was determined using Student's t-test. Data are presented as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
AC extract treatment does not induce cytotoxicity in B16F10 cells.
To determine whether AC extract has a cytotoxic effect on B16F10 cells, B16F10 cells were treated with AC extract for 48 h at various concentrations, ranging between 10 and 40 µg/ml. Cell viability was assessed using an MTT-based assay. AC extract was observed to have no significant effect on cell viability (Fig. 1) . This finding indicates that AC extract is not cytotoxic to B16F10 cells at the concentrations used in the present study.
AC extract induces melanogenesis in B16F10 cells.
To assess the effect of AC extract on melanogenesis, melanin levels were analyzed in B16F10 cells treated with AC extract at concentrations between 10 and 40 µg/ml. Melanin levels were found to be significantly increased in a dose-dependent manner by AC extract treatment (P<0.05; Fig. 2 ). Forskolin, a well-established melanogenesis inducer, served as a positive control. These findings indicate that AC extract induces melanogenesis in B16F10 cells.
AC extract induces tyrosinase activity in B16F10 cells.
To investigate the possible mechanisms responsible for the AC extract-induced increase in melanogenesis in B16F10 cells, the effect of AC extract on tyrosinase activity was assessed. Tyrosinase is a rate-limiting enzyme in melanin synthesis. B16F10 cells were treated with AC extract at the indicated concentrations for 48 h and intracellular tyrosinase activity was analyzed. Forskolin served as a positive control. Fig. 3 demonstrates that AC extract significantly induced intracellular tyrosinase activity in a dose-dependent manner (P<0.05).
AC extract increases expression of tyrosinase and MITF in B16F10 cells.
In order to clarify the mechanism underlying AC extract-induced tyrosinase activation, tyrosinase protein expression was assessed in B16F10 cells using western blot analysis. AC extract was observed to markedly increase tyrosinase protein expression (Fig. 4A) . MITF is a major transcription factor for tyrosinase expression (7), therefore, the effect of AC extract on the expression of MITF was also investigated. As shown in Fig. 4B , AC extract was found to increase MITF protein expression.
AC extract suppresses the activation of ERK and Akt in B16F10 cells.
The ERK and the Akt signaling pathways have been shown to negatively regulate melanogenesis in melanocytes and melanoma cells (14) (15) . Furthermore, inhibition of ERK and PI3K/Akt has been reported to stimulate melanogenesis (26) (27) . Thus, the affect of AC extract on the ERK and Akt pathways in B16F10 cells was analyzed. B16F10 cells were treated with AC extract (40 µg/ml) for the indicated durations. Activation of the ERK or Akt signaling pathways was determined using western blot analysis with specific antibodies against phosphorylated forms of ERK and Akt. As shown in Fig. 5 , ERK and Akt phosphorylation was inhibited by AC treatment at all time points.
Discussion
In the present study, the effect of AC extract on melanogenesis was investigated using a melanin content assay, intracellular tyrosinase activity assay and western blot analysis. AC extract was found to upregulate melanin synthesis in a concentration-dependent manner (10-40 µg/ml) without inducing cytotoxicity in B16F10 cells ( Fig. 1 and 2 ). Tyrosinase is a key enzyme involved in melanogenesis (6), therefore, the effect of AC extract on tyrosinase activity and expression was also analyzed. AC extract was observed to increase tyrosinase activity and expression (Figs. 3 and 4A) . Furthermore, as shown in Fig. 4B , AC extract was found to increase the expression of MITF, a transcription factor which controls pigmentation through regulating the expression of melanogenic enzymes, including tyrosinase (7) .
It is well established that the ERK signaling pathway is involved in cell proliferation and differentiation (28) (29) . Furthermore, the ERK signaling pathway has been identified as a negative regulator of melanin synthesis and activation of the ERK signaling pathway has been reported to lead to MITF protein degradation, thus reducing melanogenesis (30) . Stimulation of c-kit signaling has also been reported to induce MITF protein degradation, which is prevented by the MAPK/ERK signaling pathway inhibitor, PD98059 (30) . Moreover, inhibition of the ERK signaling pathway by PD98059 has been found to induce melanogenesis in B16F10 cells (25) . It is well established that the PI3K/Akt signaling pathway is important in the regulation of various cellular processes, including cell growth and apoptosis (31) (32) . The PI3K/Akt signaling pathway has also been shown to be involved in melanogenesis, with inhibition of the PI3K/Akt signaling pathway observed to stimulate melanogenesis in G361 melanoma and B16F10 cells (26, 33) . Furthermore, a previous study demonstrated that the PI3K/Akt signaling pathway inhibitor, LY294002 upregulated MITF protein expression, which increased tyrosinase expression, resulting in increased melanogenesis in B16F10 cells (33) .
In order to identify the mechanisms underlying the AC extract-induced increase in melanogenesis in B16F10 cells, the effect of AC extract on the ERK and Akt signaling pathways was assessed. As shown in Fig. 5 , AC extract inhibited ERK A Figure 5 . AC extract supresses the activation of ERK and Akt in B16F10 cells. B16F10 cells were treated with vehicle only or 40 µg/ml AC extract. Cells were then incubated and harvested at the indicated time points. Whole cell lysates were subjected to western blot analysis using antibodies against P-or T-ERK1/2 and P-or T-Akt. Equal protein loading was confirmed using anti-actin antibodies. Vehicle only served as a control. Data are representative of three independent experiments. AC, Ardisia crenata; ERK, extracellular signal-regulated kinase; C, control; A, AC extract; P-, phosphorylated; T-, total. 
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and Akt activation as early as 20 min after AC extract treatment; this inhibition was sustained for ≥8 h. These findings indicate that the inhibition of ERK and/or Akt by AC extract may contribute to AC extract-induced melanogenesis through upregulating the protein expression of MITF and tyrosinase.
In conclusion, the present study has demonstrated the melanogenic effect of a methanol extract of AC in B16F10 cells and the underlying mechanisms involved. The findings indicate that AC extract may be useful for the treatment of hypopigmentation disorders and the development of self-tanning cosmetic products.
